California is characterized by phase separation in a zone of upflow of two-phase fluid, with steam rising to discharge at relatively high elevations (1,800 to 2,500 m) and high-chloride
Recently, total steam discharge was estimated to be about 40 kilograms per second. This indicates that conditions within the Lassen hydrothermal system may be substantially different from those assumed in the numerical simulations. One possibility is that high-chloride thermal water is entering local streams at unknown points and that the total liquid discharge is much greater than that identified previously.
This possibility was investigated by sampling streams at 116 -1-sites in the Lassen area. A number of samples were chlorideenriched relative to a "background" sodium:chloride ratio established by nonthermal waters from the Cascade Range.
However, many of the chloride-enriched samples were from streams at lower elevations that have flowed over Upper Cretaceous marine rocks that crop out as high as 760 m above sea level. Assuming that the relatively high-chloride streams in the lower-elevation (western) part of the study area are receiving all or most of their chloride enrichment from Upper Cretaceous marine rocks exposed locally, we did not identify any major high-chloride discharge to add to the previously measured 20 kilograms per second. The large streams that constitute the northern and southern boundaries of the study area the Pit River and the North Fork of the Feather River are slightly chloride-enriched compared with most streams in the study area. We estimate that the Pit River contains less than 6 kilograms per second and the North Fork of the Feather River contains less than 12 kilograms per second of Lassen-equivalent thermal water. The mass ratio of liquid outflow to steam upflow for the Lassen hydrothermal system thus appears to be less than 1: assumed to be connected to and fed by a single hydrothermal system at depth (Ingebritsen and Sorey, 1985) .
The Lassen area is at the southern end of the Cascade Range, which here comprises a broad ridge of Late Pliocene to Holocene volcanic rocks (Muffler and others, 1982 ). The regional basement probably consists of Mesozoic granitic and metamorphic rocks. It is overlain by Upper Cretaceous to Eocene marine rocks and by a widespread series of Late Pliocene lahars, tuffs, and tuff breccias. The Quaternary to Holocene rocks are primarily pyroxene andesite flows and pyroclastics with minor basaltic and silicic flows and pyroclastics (Muffler and others, 1982) . The thickness of the Late Pliocene to Holocene volcanic sequence in the vicinity of LVNP is unknown. Ingebritsen and Sorey (1985) did numerical simulations of heat and fluid flow in the Lassen hydrothermal system. Their conceptual model of the system involved three basic components:
Background
(1) Recharge of meteoric water in the general vicinity of Lassen Peak;
(2) addition of heat to this fluid by conduction from a -3- Neutral-pH, sodium-chloride thermal waters in the Lassen area have much higher chloride (Cl~) concentrations (2,200-2,300 mg/L; Thompson, 1983) identified about 20 kg/s of high-chloride thermal-water discharge. Ingebritsen and Sorey (1985) used this value of mass inflow in their numerical simulations of the Lassen system, and suggested that steam discharge within LVNP might be at least an order of magnitude less than the mass flow of high-chloride
water.
Subsequent measurements indicate that steam discharge within LVNP is actually much larger. Steam discharge from the Sorey and Simpson (1991) determined steam discharge in each area by measuring the different components of heat flow at the surface, including advective heat loss in fumaroles and streams; evaporative, radiative, and conductive heat losses from water surfaces; and heat losses from bare ground. They inferred that the total steam discharge required to maintain the surface heat flow in all of these areas is about 40 kg/s. Sorey and Simpson's (1991) steam-discharge estimates might be somewhat biased on the high side, because the measurements on which they were based were made during the summer and fall and in dry years (1986) (1987) (1988) (1989) (Sorey and Simpson, 1991) , and pool areas and temperatures were not observed to vary substantially.
Numerical simulations assuming 20 kg/s of flow through the system generally resulted in near-steady-state steamdischarge values of less than 2 kg/s (Ingebritsen and Sorey, 1985; . Sorey and Simpson's (1991) Assuming that the steam-discharge estimate of 40 kg/s is accurate, the adiabatic model predicts more than 120 kg/s of liquid discharge, or at least six times the observed value.
Purpose and scope
The purpose of this report is to examine whether thermalliquid discharge from the Lassen hydrothermal system is substantially larger than 20 kg/s. This possibility was investigated by sampling the streams that drain the highlands in Chloride concentrations ranging from 0 to 10 mg/L were measured to an accuracy of +0. 
Figure 3
Relation between sodium and chloride concentrations for samples from the Lassen region (table 1) .
-12-waters. The Upper Cretaceous marine rocks are probably more widespread than shown on figure 2. Relatively detailed mapping of part of the study area indicates that most of the streams west of LVNP encounter marine rocks at elevations ranging from 150 to 760 m (Harwood and Helley, 1987) . Thompson (1983; 1985) Creek (a tributary of the Pit River) and Summit Creek ( Paynes Creek (fig. 2) is one of the streams in the study area that shows chloride enrichment at relatively low elevations.
A pair of samples obtained in September 1989 showed that Paynes
Creek has "background" levels of sodium and chloride at 917 m elevation ( 
CHLORIDE-FLUX ESTIMATES FOR LARGE STREAMS THAT BOUND THE STUDY AREA
The streams that bound the study area to the north and south, the Pit River and the North Fork of the Feather River ( fig. Ib) , are large enough that they could contain substantial thermal components without appearing obviously chloride-enriched on the sodium-chloride plots of figure 3. The available data can be used to estimate the possible thermal components in these two streams.
As noted above, the chloride flux in the Pit River (37N-1E-31 SW) on 9/19/89 (10,400 mg Cl/s) was equivalent to less than 5 kg/s of Lassen thermal water. Three small hot springs north of -18-the Pit River and upstream from our easternmost sample site (Little, Bassett, and Kellog Hot Springs) may contribute less than 1,000 mg Cl/s (Reed, 1975) . Stable-isotope data indicate that these hot springs (8D about -116 o/oo [Reed, 1975] ) are not related to the Lassen hydrothermal system (5D about -93 o/oo [Janik and others, 1983] ). The chloride flux in the North Fork of the Feather River downstream from Lake Almanor (table 1, -19-
The average discharge of the Pit River at 37N-1E-31 SW was 16,400 L/s in 1985 (U.S. Geological Survey, 1987 1988a; 1988b; 1989) . Assuming that the base-flow chloride concentration in the 9/19/89 sample (table 1, The average discharge of the North Fork of the Feather River below Lake Almanor at 26N-7E-34 SW was 33,000 L/s in 1985 (U.S. Geological Survey, 1987 1988a; 1988b; 1989 
CONCLUSIONS
The leakage of Lassen-equivalent thermal water into the Pit River and the North Fork of the Feather River is probably less than 20 kg/s. Additional sodium and chloride data would allow this estimate to be verified and refined. If diffuse discharge of high-chloride thermal water from the Lassen system amounts to less than 20 kg/s, the total discharge of highchloride thermal water is less than 40 kg/s. The mass ratio of liquid outflow to steam upflow (about 40 kg/s) thus appears to be less than 1:1.
A simple model of adiabatic decompression suggests a ratio of liquid outflow to steam upflow of more than 3:1.
Numerical simulations of the Lassen hydrothermal system led to liquid:steam discharge ratios on the order of 10:1. In the numerical simulations it was assumed that heat was supplied to the hydrothermal system by upflowing thermal water, with a relatively minor contribution from regional heat flow. Possible modifications to this model to allow much lower liquid:steam ratios might involve (1) recirculation and reheating of highchloride water beneath the steam-discharge areas, which would allow for more boiling than an adiabatic process, and/or (2) long-term transient response to magmatic heat input or permeability changes.
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